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METHOD FOR CONTROLLING
SYNCHRONOUS RECTIFIER OF POWER
CONVERTER AND CONTROL CIRCUIT
USING THE SAMEL

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the priority benefits of U.S. pro-
visional application Ser. No. 61/866,563, filed on Aug. 16,
2013. The entirety of the above-mentioned patent applica-
tions 1s hereby incorporated by reference herein and made a
part of this specification.

BACKGROUND

Field of the Invention

The present invention relates to a method for controlling
a synchronous rectifier ol a power converter and a control
circuit using the same, and more particularly relates to a
method for controlling a synchronous rectifier of a power
converter and a control circuit using the same which pro-
vides the complete protection function for preventing the
incorrect turn-on of synchronous rectifier.

Description of Related Art

Off-line power converter (oflline power converter)
includes a power transformer (power transformer), to com-
ply with safety regulations, the power transformer provides
an AC 1nput to the power converter output 1solation between.
In a recent development, the application of the power
transformer secondary synchronous rectifiers in order to
achieve a high power conversion efliciency of the converter.

However, the synchronous rectifier of power converter
may be accidentally, or incorrectly turned on, which may
bring negative eflects to the power converter, such as low
clliciency of power conversion, efc.

SUMMARY

The present invention provides a method for controlling a
synchronous rectifier of a power converter. The method
includes the following steps: generating a control signal for
a synchronous rectification transistor responding to an on-
time of a switching signal, a level of a transformer voltage
and an output voltage of the power converter, and the
switching signal 1s used for switching a transformer, and the
control signal 1s generated once the switching signal 1is
turned ofl. A transformer signal 1s related to an input voltage
of the power converter. The control signal 1s generated when
the on-time of the switching signal 1s longer than a first time
threshold.

The present invention provides a method for the control-
ling a synchronous rectifier of a power converter. The
method includes the following steps. A control signal 1s
generated to control a synchronous rectification transistor
according to a switching signal. The control signal 1s short-
ened when an mput voltage of the power converter 1s lower
than a low-voltage threshold. The low-voltage threshold 1s
related to an output voltage of the power converter. The
switching signal 1s used for switching a transformer. The
control signal 1s generated once the switching signal 1is
turned ofl The control signal 1s generated when the on-time
of the switching signal 1s longer than a first time threshold.

From another point of view, the present invention pro-
vides a control circuit for controlling a synchronous rectifier
of a power converter. The control circuit includes a control-
ler and a protection circuit. The controller generates a
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control signal to control a synchronous rectification transis-
tor 1n response to an on-time of a switching signal, a
transiformer voltage and an output voltage of the power
converter. The protection circuit generates a protection sig-
nal 1n response to the transformer voltage and the output
voltage. The switching signal 1s used for switching a trans-
former. The control signal 1s generated once the switching
signal 1s turned ofl. The transformer signal 1s related to an
iput voltage of the power converter. The control signal 1s
generated when an on-time of the switching signal 1s longer
than a first time threshold. The control signal can be gen-
crated when the on-time of the switching signal 1s longer
than a second time threshold it the protection signal 1s

generated. The second time threshold 1s longer than the first
time threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
turther understanding of the invention, and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments of the mnvention and, together with
the description, serve to explain the principles of the mven-
tion.

FIG. 1 shows a circuit diagram illustrating a power
converter with a synchronous rectifier (SR) according to an
embodiment of the present invention.

FIG. 2 shows waveforms of the switching signal S,,,.,,
and the voltage V, according to an embodiment of the
present 1nvention.

FIG. 3 shows a circuit diagram 1llustrating the control
circuit according an embodiment of the present invention.

FIG. 4 shows a circuit diagram illustrating the linear-
predicted circuit according to an embodiment of the present
invention.

FIG. 5 shows a circuit diagram 1llustrating the detection
circuit according to an embodiment of the present invention.

FIG. 6 shows a circuit diagram 1illustrating the signal
generation circuit 500 according to an embodiment of the
present 1nvention.

FIG. 7 shows a flow chart showing a method for control-
ling a synchronous rectifier of a power converter according
to an embodiment of the present invention.

DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

FIG. 1 shows a circuit diagram illustrating a power
converter with a synchronous rectifier (SR) according to an
embodiment of the present invention. A power converter 10
includes a transformer 11, a transistor 20 and 30, a diode 35,
a capacitor 40, resistors 31 and 52 and a control circuit 100.
The transformer 11 1s connected to an mput voltage V., of
the power converter 10. The transistor 20 1s coupled to
switch the primary winding N, of the transformer 11. A
switching signal S,,,,, 1s coupled to drive the transistor 20
for regulating an output voltage V , of the power converter
10. When the transistor 20 1s turned on, the energy will be
stored 1nto the transformer 11. Meanwhile, the transformer
11 will generate a voltage V 5, at the secondary winding N..
When the transistor 20 1s turned off, the energy stored 1n the
transformer 11 will be delivered (demagnetized) to the
secondary winding N, of the transformer 11, the output
voltage V , will be generated through the diode 35 and the
capacitor 40. The diode 35 could be the body diode of the
transistor 30 or a rectifier parallel connected to the transistor
30. Once the diode 35 1s turned on, the transistor 30 will be
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turned on immediately to reduce the power loss caused by
the forward-voltage drop of the diode 35. The control circuit
100 1s coupled to detect the output voltage V , and measure
the voltage V ,, through resistors 51 and 52. The voltage V
generates a signal V. coupled to the control circuit 100
through the resistors 51 and 52. According to the output
voltage V , and the voltage V ,,, the control circuit 100 waill
generate a control signal S;;. to control the on/off of the
transistor 30. The turn-on period of the transistor 30 should
be related to the demagnetized time of the transformer 11.
Theretfore, the turn-on period T, of the transistor 30 1is
controlled according to the equation (1),

Vp — Vo

Vo

(1)

Tsp = X Ton,

where T ,,; 1s the on-time of the switching signal S, ..

In order to accurately control the turn-on period T ¢, of the
transistor 30, the control circuit 100 has to measure the
output voltage V, and detect the level and period of the
voltage V , for generating the control signal S ;. The level of
the voltage V,, 1s correlated to the level of the input voltage
V.~ The period of the voltage V 5, 1s equal to the on-time of
the switching signal S, ..

FIG. 2 shows waveforms of the switching signal S, ,
and the voltage V, according to an embodiment of the
present mnvention. A period T, ,1s the demagnetized time of
the transformer 11. The turn-on period T, of the transistor
30 should be equal to the period T, . If the transtormer 11
operates 1n discontinuous current mode (DCM), a resonant
ringing will happen after the transformer 11 1s fully demag-
netized (after the period of T,,,). A resonant period T 1s
determined by the resonant frequency in the primary side of
the transformer 11. The resonant period T 1s related to the
inductance L, of the primary inductor of the transformer 11
and the capacitance C, of the parasitic capacitor the tran-
sistor 20.

To=21yLxCp (2)

This resonant rnging may cause the error for the detec-
tion of the voltage V . The criteria for detecting a corrected
voltage V , can be expressed as,

Vp>(2xV) (3)

When the transistor 20 1s turned on, the level of the voltage
V,, 1s shown 1n the equation (4).

y (Ng y ) y
=|— X +
D=\, X Vin 0

(4)

It the 1nput voltage V., 1s high, such as the voltage V,
shown 1 FIG. 3, then the voltage V, can be detected
correctly. If the mput voltage V., 1s decreased to [(V <N/
N,)»<V,], such as the voltage V, and V, shown in FIG. 3,
then the voltage V, could be incorrectly measured. The
present invention provides the protection circuit to solve this
problem.

FIG. 3 shows a circuit diagram illustrating the control
circuit according an embodiment of the present imnvention.
The control circuit 100 includes resistors 103, 104 and 106,
a bufler 105, a current source 107, voltage-to-current con-
verters 110 and 120, a linear-predicted circuit 200, and a
detection circuit 300. The resistors 103 and 104 form a
voltage divider for detecting the output voltage V, and
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4

generating a threshold V- through the bufier 105 and the
resistor 106. The current source 107 associated with the
resistor 106 provide a bias voltage to the threshold V .. The
level of the threshold voltage V -1s used to regulate the value
of the output voltage V. The voltage-to-current converter
110 1s coupled to detect the output voltage V , through the
resistors 103 and 104. Therefore, the voltage-to-current
converter 110 generates current signals IVO1 and 1V02
proportional to the output voltage V. The voltage-to-
current converter 120 1s coupled to detect the signal V. that
1s related to the voltage V,, and the input voltage V... The
voltage-to-current converter 120 generates current signals
IVS1 and IVS2 proportional to the input voltage V ;- and the
voltage V.

The linear-predicted circuit 200 generates the control
signal SW 1n accordance with the current signals IVO1 and
IVS1. The detection circuit 300 1s coupled to receive the
current signals IVO2, IVS2, the signal VS and the threshold
VT for generating an enable signal SE, a trigger signal ST
and a protection signal S,. The enable signal S, the trigger
signal S and the protection signal S, are coupled to control
the linear-predicted circuit 200 for generating the control
signal S,

The trigger signal S~ will be generated once the signal V¢
1s higher than the threshold V . The enable signal S, will be
generated once a valid signal S , 1s enabled and the period of
the trigger signal S 1s longer than a time-threshold. The
protection signal S, will be generated when the equation (3)
1s not satisfied.

FIG. 4 shows a circuit diagram illustrating the linear-
predicted circuit according to an embodiment of the present

invention. The linear-predicted circuit 200 includes transis-
tors 211-217, 272 and 274, switches 230 and 235, a capacitor

250, an AND gate 261, an mnverter 262, a NAND gate 263,
one-short pulse generators 271 and 273, a comparator 280,
and a thp-flop 285. The ftransistors 211-213 develop a
current mirror to generate current signals I.-and I;-according
to the current signal IVO1. The transistors 214-217 generate
a current 1., in response to the current signal IVS1 and the
current signal I,.to fulfill the term of *“V -V ,” shown 1n the
equation (1). The current signal 1. 1s coupled to charge the
capacitor 250 through the switch 230. The current signal I,
1s coupled to discharge the capacitor 250 through the switch
235. The trigger signal S controls the switch 230, and the
trigger signal S-1s further coupled to control the switch 235
via the mverter 262. The thip-tlop 285 will generate the
control signal S;;, 1n response to the enable signal S,.. The
comparator 280 has a threshold V., that i1s coupled to
compare with the voltage on the capacitor 250. The NAND
gate 263 1s connected to reset the tlip-tlop 2835 according to
the output of the comparator 280 and the trigger signal S.-via
the inverter 262. Theretfore, the tlip-tflop 285 will be reset to
turn ofl the control signal S;;,when the trigger signal S -1s off
and the voltage of the capacitor 250 reach the level of the
threshold V .

Betfore the trigger signal S, turns on the switch 230 for
charging the capacitor 250, the trigger signal S~ will couple
to discharge the capacitor 250 through the one-short pulse
generator 271 and the transistor 272. If the protection signal
S 1s enabled when the trigger signal S turns on the switch
230 for charging the capacitor 250, then the trigger signal S,
and the protection signal S, will couple to discharge the
capacitor 250 through the AND gate 261, the one-short pulse
generator 273 and the transistor 274. The pulse width of the
one-shot pulse generator 273 1s longer then the pulse width
of the one-shot pulse generator 271. Theretfore, the pulse
width of the control signal S;;, will be shorten once the
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protection signal S, 1s enabled, which will protect the
turn-on of the transistor 30 properly.

FIG. 5 shows a circuit diagram 1llustrating the detection
circuit according to an embodiment of the present invention.
The detection circuit 300 includes transistors 310-315 and
325, an 1verters 317-319, a current source 320, a capacitor
340, a comparator 350, switches 351 and 352, a tlip-flop
370, an AND gate 375, and a signal generation circuit 500.
The transistors 310, 311, 312, 313, 314 and 315 develop a
current mirror circuit for generating a mirror current I, . that
1s correlated to the “2xV ;. The current signal I,.. compares
with the mirror current I, , will generate the protection signal
SB through the inverter 317. The protection signal S, will be
enabled to protect the synchronous rectifier operated cor-
rectly when the equation (3) cannot be met. The signal
generation circuit 500 generates the trigger signal S, the
valid signal S, and a clear signal CLR 1n response to the
signal V . and the threshold V . The imnverter 319, the current
source 320, the transistor 325 and the capacitor 340 form a
period-to-voltage converter to convert the period of the
trigger signal S..to a voltage signal coupled to the compara-
tor 350. The comparator 350 has thresholds V., and V .,
controlled by the switches 351 and 352 respectively. The
protection signal S, controls the switch 352. The protection
signal Sz 1s coupled to control the switch 351 via the inverter
318. When the voltage of the capacitor 340 1s higher than
threshold (V -, or V ), the comparator 350 will coupled
to enable the flip-flop 370. The output of the flip-tlop 370
and the valid signal S , are connected to the AND gate 375
for generating the enable signal S,. The level of the thresh-
old V -, 1s higher than the level of the threshold V ., . Thus,
the generation of the enable signal S, will require a longer
period of trigger signal S, when the protection signal S, 1s
generated. It means if the mput voltage V.., 1s low and
“V,<2xV 7, then a wider switching signal S,,;.,, will be
required to enable of the control signal S;.

FIG. 6 shows a circuit diagram illustrating the signal
generation circuit 500 according to an embodiment of the
present invention. The signal generation circuit 500 imncludes
comparators 310 and 520, a one-shot pulse generator 513,
inverter 514 and 516, a time-delay circuit 317, and a flip-tlop

518. The comparator 510 will generate the trigger signal S,

when the signal V. 1s higher than the threshold V.. The
trigger signal V - will generate the clear signal CLR through
the one-shot pulse generator 513 and the mverter 514. The
comparator 520 will generate a turn-on-enable signal when
the signal V. 1s lower than a threshold V., (such as 0V). The
turn-on-enable signal 1s coupled to the D-mput of the
tlip-flop 518. The clear signal CLR 1s coupled to reset the
tlip-flop 518. The trigger signal S 1s coupled to clock the
tlip-flop through the mverter 516 and the time-delay circuit
517 for generating the valid signal S ,. The time-delay circuit
517 will generate a trigger-delay signal after the trigger
signal S..1s generated. Theretfore, the valid signal S , can be
cnabled to generate the control signal S;- only when the
signal V. 1s lower than the threshold V., before the trigger-
delay signal 1s generated.

FIG. 7 shows a tlow chart showing a method for control-
ling a synchronous rectifier of a power converter according
to an embodiment of the present invention. In the present
embodiment, the method of FIG. 7 could be implemented by
the power converter 10 of FIG. 1, but the present invention
1s not limited thereto. In step S710, the power converter 10
may generate a control signal to control a synchronous
rectification transistor 1n response to an on-time of a switch-
ing signal, a level of a transformer voltage and an output
voltage of the power converter 10. In step S720, a protection
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6

signal 1s generated 1n response to a level of the input voltage
and a level of the output voltage. In step S730, 1f the on-time
of the switching signal is longer than a second time threshold
the tlow return to step S710; otherwise the flow proceeds to
step S740. In step S740, a delay time 1s generated when the
transiormer voltage 1s lower than a first voltage threshold. In
step S7350, a turn-on-enable signal i1s generated when the
transformer voltage 1s lower than a second voltage thresh-
old. In step 5760, 11 the turn-on-enable signal 1s generated
betore an end of the delay time, the flow return to step S710.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the invention without departing from the scope or spirit of
the invention. In view of the foregoing, it 1s intended that the
invention cover modifications and vanations of this mven-
tion provided they fall within the scope of the following
claims and their equivalents.

What 1s claimed 1s:

1. A method for controlling a synchronous rectifier of a
power converter, comprising:

generating a control signal to control a synchronous

rectification transistor in response to an on-time of a
switching signal, a level of a transformer voltage and an
output voltage of the power converter,
wherein the switching signal 1s used for switching a
transformer; the control signal 1s generated once the
switching signal 1s turned off; a transformer signal 1s
related to an 1nput voltage of the power converter; the
control signal 1s generated when the on-time of the
switching signal 1s longer than a first time threshold;
and
generating a protection signal 1in response to a level of the
input voltage and a level of the output voltage,

wherein the control signal 1s generated when the on-time
of the switching signal 1s longer than a second time
threshold 1f the protection signal 1s generated; the
second time threshold 1s longer than the first time
threshold.

2. The method as claimed in claim 1, wherein the pro-
tection signal 1s generated when the input voltage 1s lower
than an under voltage threshold.

3. The method as claimed 1n claim 1, wherein the control
signal 1s shorten in response to an enablement of the
protection signal.

4. The method as claimed in claim 1, further comprising:

generating a delay time when the transformer voltage 1s

lower than a first voltage threshold; and
generating a turn-on-enable signal when the transformer
voltage 1s lower than a second voltage threshold,

wherein the control signal 1s generated when the turn-on-
enable signal 1s generated before an end of the delay
time.

5. A method for the controlling a synchronous rectifier of
a power converter, comprising:

generating a control signal to control a synchronous

rectification transistor according to a switching signal;
shortening the control signal when an input voltage of the
power converter 1s lower than a low-voltage threshold,
wherein the low-voltage threshold 1s related to an output
voltage of the power converter; the switching signal 1s
used for switching a transformer; the control signal 1s
generated once the switching signal 1s turned off; the
control signal 1s generated when the on-time of the
switching signal 1s longer than a first time threshold.

6. The method as claimed 1n claim 5, further comprising:

generating a delay time when a transformer voltage 1s

lower than a first voltage threshold; and
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generating a turn-on-enable signal when the transformer

voltage 1s lower than a second voltage threshold,

wherein the transformer voltage 1s generated in response

to the switching signal 1s enabled for switching the
transformer,

turn-on-enable signal 1s generated before an end of the
delay time.

7. A control circuit for controlling a synchronous rectifier
ol a power converter, comprising:
a controller, generating a control signal to control a

synchronous rectification transistor in response to a
on-time of a switching signal, a transformer voltage
and an output voltage of the power converter; and
protection circuit, generating a protection signal in
response to the transformer voltage and the output
voltage;

wherein the switching signal 1s used for switching a

transiormer; the control signal 1s generated once the
switching signal 1s turned off; the transformer signal 1s
related to an input voltage of the power converter; the
control signal 1s generated when an on-time of the
switching signal i1s longer than a first time threshold;

8

the control signal can be generated when the on-time of

the switching signal 1s longer than a second time
threshold 1f the protection signal 1s generated; the
second time threshold 1s longer than the first time

threshold.

8. The control circuit as claimed 1n claim 7, wherein the

9. The control circuit as claimed 1n claim 7, wherein t!

protection signal i1s generated when the mnput voltage 1s
lower than an under voltage threshold.

1C

10 control signal 1s shorten 1n response to an enablement of t

15

20

protection signal.

1C

10. The control circuit as claimed in claim 7, further

comprising:

a delay circuit, generating a delay time when the trans-
former voltage 1s lower than a first voltage threshold;

and

a comparator, generating a turn-on-enable signal when the
transformer voltage 1s lower than a second voltage

threshold,

wherein the control signal 1s generated when the turn-on-
enable signal 1s generated before an end of the delay

time.
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